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Introduction

Prolonged tracheal intubations are usually complicated by subglottic stenosis. The aim of this
study was to identify the pathological changes in the trachea due to prolonged endotracheal
intubations.

Materials and methods

A prospective study was conducted on 35 patients who were admitted to the ICUs for different
periods of time and tracheostomy operation was planned for them. The part of the trachea that
was removed during tracheostomy was examined histopathologically.

Results

The most common histopathological finding was inflammation and ulceration. Fibrosis was also
found with evidence of cartilage necrosis. All histopathological findings were more prevalent
among patients who were intubated for 1 week.

Conclusion

Prolonged endotracheal intubations are associated with various histopathological changes
ranging from erosion of the epithelium to necrosis of the cartilage and fibrosis.

Level of evidence

Level 2b.
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Introduction

Prolonged tracheal intubations are usually associated with
high incidence of stenosis [1,2]. This incidence ranged
from 0.1 to 30% in prolonged intubated patients [3,4].
However, the utilization of high-volume, low-pressure
cuff tubes in ICU remarkably reduced the incidence
of postintubation stenosis [5,6]. However, prolonged
intubations are still an important cause of acquired
tracheal stenosis [3—7]. Generally, when the cuff pressure
exceeds the mucosal capillary pressure (30 mmHg), the
mucosa between the cuffed tube and the underlying
cartilages develops ischemia within the first few hours
of intubations [8,9]. Long-standing ischemia leads to
necrosis of the mucosa, which in turn leads to superficial
ulcers and deeper ulcers with the exposure of the
underlying cartilages, followed by partially or completely
destructed tracheal rings with loss of structural integrity
of the affected tracheal segment [7-10]. Sequels of
healing occurs during any stage of this process resulting in
web-like fibrosis within 3—6 weeks, leading to progressive
stenosis [8-11]. Meticulous intubation technique,
aggressive controlled treatment of any infections, and
utilization of high-volume, low-pressure cufted tube help
to minimize the risk for stenosis [12]. Many factors are
responsible for developing stenosis, including the cuff
pressure, the tube size with respect to the tracheal lumen,
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the duration of intubations, and the movement of the
tube during the period of intubations [4-13].

In addition, predisposing factors include age, female
sex, the anatomical characteristics, the fragility of
upper airway mucosa, the gastroesophageal reflux
disease, and other risk factors including the presence of
nasogastric tube [14].

Some authors believe that the causes of tracheal stenosis
are acquired deficit of fibrin stabilizing factor XIII, lack
of emphasis on the role of appropriate patient care in
case of intubated individuals, and lack of use of sterile
gloves and catheters [15].

In addition, the primary cause of intubation and
the medical therapy used may have an effect on
postintubation tracheal stenosis [16].

'The study aimed to identify the serial histopathological

tracheal changes from prolonged intubations.

Materials and methods
'This was a prospective study conducted in the Department
of Otolaryngology and the Histopathology Department,
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Suez Canal University Hospitals, Ismailia, Egypt, from
2007 to 2012, to evaluate the serial histopathological
tracheal changes from prolonged intubations.

A total of 35 patients were admitted to the ICUs with
endotracheal intubations for different day’s periods
(from 1 to 7 days) and subjected to tracheostomy
operation. Patients with history of previous neck
operation, neck masses, previous tracheostomy, and
chronic tracheal illness were excluded from the study.

All patients or their relatives were subjected to history
taking (duration of intubations, size of tube), local neck
examination, and tracheostomy operation under sterile
conditions, under local anesthesia (lignocaine and
adrenaline) or general anesthesia. The strap muscles
were separated vertically by blunt dissection in the
midline [17]. The thyroid isthmus was identified and
divided between two clamps or retracted; finally the
trachea was visible [18].

'The cricoid cartilage and tracheal rings were determined;
then pretracheal fascia was divided, and the trachea was
opened and a part of it was removed [19].

The removed part of the trachea was examined
histopathologically; it was fixed in 10% neutral-
buffered formalin for 24 h then processed and
embedded in paraffin wax blocks. Four-mm-thick
serial sections were cut and stained with hematoxylin—
eosin. In addition, Masson’s trichrome stain was
performed on other sections to verify fibrosis in the
subepithelial region. Changes in the trachea due to
endotracheal intubation were diagnosed on the basis of
the identification of the histopathological criteria [20].

Statistical analysis
Gathered data were processed using SPSS version 15

(SPSS Inc., Chicago, Illinois, USA).

Ethical considerations
Written consent was obtained from all patients’ first-
degree relatives, accepting to perform the tracheostomy
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operation and the histopathological examination. The
local ethical committee in Suez Canal University

Hospital approved this study.

Results

A total of 35 patients (20 male patients and 15 female
patients) with a mean *+ SD age of 57.04 + 2.9 years
were subjected to tracheostomy operation after
tracheal intubations in the ICU to obtain the serial
histopathological tracheal changes.

In all, 74% patients were admitted to ICU because
of stroke, 13% because of traumatic brain insult,
9% because of COPD exacerbation and respiratory
failure, and 4% because of status epilepticus and
bulbar palsy.

Patients were divided according to the duration of
intubation and the tracheostomy operation from day
1 to day 7 depending on several factors, such as the
patients general condition, the Glasgow Coma Scale,
and the patients’ condition prognosis, to obtain the
serial histopathological tracheal changes with a set
of five patients on similar day to obtain near-similar
groups in statistical analysis.

All of the tracheostomies were temporal and removed
according to patients’ improvement clinically.

In all, 76% of patients used tube sized 7.5 mm, 12%
used size 8 mm, 8% used size 7 mm, and 4% used size
6 mm.

On the first day of the tracheostomy, there was
inflammation, which occurred also on the second
day with erosion of the epithelium. On the third day,
atrophy of and damage to the submucosal glands was
observed, which extended also to the fourth day with
epithelial ulceration. On the fifth day, metaplasia was
evident with starting of cartilage necrosis, which was
completed on the sixth day with appearance of the
fibrous tissue, and fibrosis was evident on the seventh

day (Table 1 and Figs. 1-4).

Table 1 Distribution of the studied patients according to histopathological findings

Days Inflammation  Erosion of the Atrophy and damage of the Ulceration Metaplasia Cartilage Fibrosis
epithelium submucosal glands necrosis

First +

Second ++ +

Third +++ ++ ++

Fourth +++

Fifth ++

Sixth +

Seventh + ++ +

+, mild; ++, moderate; +++, severe.
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Figure 1

Figure 2

Infiltration of the subepithelial connective tissue and around the
mucus glands by inflammatory cells (H&E, x40). 1 = epithelium, 2 =
connective tissue, 3 = seromucinous glands, and 4 = tracheal cartilage.

Figure 3

Ulceration, atrophy of glands, and marked fibrosis in lamina propria
(Masson’s trichrome, x100).

Correlation between tube size and histopathological
findings showed that patients with tube size 6 mm
showed inflammation and erosion of the epithelium,
with tube size 7 mm showed inflammation, erosion of
the epithelium, and ulceration, with tube size 7.5 mm
showed atrophy of the submucosal glands, necrosis
of the cartilage, and metaplasia, and with tube size
8 mm showed metaplasia, necrosis of the cartilage,
and fibrosis.

Discussion

Increase in the number of patients requiring intensive
care and airway support has been associated with
significant short-term and long-term morbidity [3].

Edema, congestion, and infiltration of lamina propria by inflammatory
cells; inflammatory cells are also attacking the epithelium (H&E, x200).

Figure 4

Erosion of the epithelium with subepithelial dense fibrosis (Masson’s
trichrome, x100).

Many authors recommended tracheostomy for patients
with endotracheal intubations more than 3 days to
avoid long-term complications [21].

However, some authors mentioned severe injury to
patients in whom tracheostomy was recommended
after 17 h of intubation in adults [22].

The etiology of postintubation tracheal stenosis is
probed in numerous publications, but to date has
not been fully elucidated. Various authors consider
mechanical damage to the tracheal mucosa, and
especially compression with ischemia-associated
necrosis of the stenotic segment to be the main cause
of stenosis. Nevertheless, also such issues are taken into
consideration as local infections, low blood pressure
during the period of intubation, steroid administration,
sensitivity of the patient to the used intubation



materials, and chemical agents used to sterilize the
intubation tube, as well as an individual idiosyncratic
reaction [12].

To explain the etiology of tracheal stenosis, numerous
experimental studies have been carried out in animal
models [23], wherein the investigators have observed
similarities between lesions encountered in animals
(dogs and rabbits) and in humans [23,24]. In our
study, many patients showed the presence of tracheal
fibrosis and possible stenosis on the seventh day. This is
in agreement with the study by Stauffer e a/. [3], who
reported that 19% of the patients who had translaryngeal
intubation develop tracheal stenosis.

Fibrosis is probably induced by migration of fibroblasts
to the site of injury with proliferation and secretion of
extracellular matrix such as fibronectin and proteoglycan;
with further healing, there is increase in the amount of
type 1 collagen and decrease in the number of active
fibroblasts and new vessels [25,26]. This leads to the
formation of fibrous scar formed of inactive spindle-
shaped fibroblasts, dense collagen bundles, fragments of
elastic tissue, and relatively few vessels [27].

In early postintubation tracheal lesions, one can
observe mostly the mucosa being turned ischemic, as
well as edema, congestion, hemorrhages, and traces of
fibrinous exudate. In the majority of cases, these lesions
promptly regress within 12-48 h. According to Patil ez
al., they are the most pronounced in the first week and
subsequently undergo gradual regression [28].

In our study, the most common pathological finding
was inflaimmation in the area of mucosa, submucosa,
and around the mucus glands, ulceration, erosion of
the epithelium, atrophy of submucosal glands, and
evidence of cartilage necrosis.

The occurrence of inflammation after tracheal
intubations is induced by pressure injury from the
tube that stimulates the inflammatory reaction.
Inflammation is usually associated with congestion and
soft tissue edema within hours of intubations [9,17].

This could be attributed to the impaired mucociliary
clearance mechanism due to the presence of the tube,
and stasis of secretions due to squamous metaplasia [29].
Other causes of inflammation could be the trauma from
suction, bacterial infection, and effect of drugs [12].

Stauffer ef al [3] found mucosal ulcers at the level of
the tracheal cuff in 15% patients. Priyankas study
demonstrates that the development of mucosal epithelium
damage can occur within an hour of endotracheal
intubation and that the degree of ulceration tends to be
proportional to the duration of intubations [27].
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Some patients can also develop a specific form of
ulceration, ring-shaped tracheitis, which places
them at a high risk for subsequent tracheal stenosis.
Finally, significant gastroesophageal reflux has
been demonstrated in intubated patients in the
operating room and in the ICU, with up to a 40%
incidence [30].

In our study, there was an evidence of squamous
metaplasia. Metaplasia is a reversible condition in
which the columnar epithelium, which is the normal
type for the trachea, is replaced by stratified squamous
epithelium [25].

Squamous metaplasia appeared on the tracheal
mucosa subjected to the trauma of the cuft and the
tube [12-22]. The regions of ciliated or abraded
pseudostratified epithelium would be found between
the zones of squamous metaplasia. As the duration
of intubation progressed, these squamous metaplastic
regions became confluent.

The creation of an intratracheal zone of squamous
epithelium in the midst of the ciliated epithelium can
be expected to impair the removal of these secretions
from the airways. This, in turn, may significantly
increase the frequency and duration of acute and
chronic infections. Squamous metaplasia and pressure
of the tube impairing the mucociliary clearance may
explain the increase in the level of inflammation in our
study [12-22]. Priyanka found microscopic evidence of
bacterial infection in every larynx or trachea intubated

for more than 48 h [27].

Conclusion

Endotracheal intubations are associated with various
histopathological changes ranging from inflammation
of the epithelium to necrosis of the cartilage
and fibrosis. The longer duration of intubation
may be associated with higher incidence of these
complications.
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